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We investigate the two-body reaction pi−p→ K0Λ within the effective Lagrangian approach and
the isobar model. In addition to the “background” contributions from t-channel K∗ exchange, u-
channel Σ(1192) and Σ∗(1385) exchanges, and s-channel nucleon pole terms, the contributions from
the nucleon resonances N∗(1535), N∗(1650), and N∗(1720) are investigated. It is shown that the
inclusion of these nucleon resonances contributions leads to a good description of the experimental
total and differential cross sections data at low energy region. The s-channel N∗(1535), N∗(1650),
and N∗(1720) resonances and the t-channel K∗ exchange give the dominant contributions below
W = 1.76 GeV, while the s-channel nucleon pole, u-channel Σ(1192) and Σ∗(1385) exchanges give
the minor contributions.
PACS numbers: 13.75.-n.; 14.20.Gk.; 13.30.Eg.
I. INTRODUCTION
The study of the spectrum of the nucleon resonances
and the resonances coupling constants from the avail-
able experimental data are two of the most important
issues in hadronic physics and they are attracting much
attention [1]. In the classical quark models [2–4], a rich
spectrum of excited nucleon states is predicted. Many of
these nucleon resonances could be identified in πN scat-
tering. However, there are still some of them have not
been so far observed.
The strangeness production reaction π−p → K0Λ is a
good platform to study the properties of the nucleon res-
onances, especially for those which have significant cou-
plings to πN and KΛ channels, because the π−p→ K0Λ
reaction is a pure isospin I = 1/2 two-body reaction
channel in meson-nucleon dynamics, and there are no
contributions from the isospin I = 3/2 ∆(1232) baryons.
Hence, lots of experimental data have been accumu-
lated [5–8], where the total and differential cross sections
of π−p→ K0Λ reaction are measured.
In response to this wealth of data, the theoretical ac-
tivity has run in parallel. In Ref. [9], the two-body reac-
tion π−p → K0Λ is investigated using the partial wave
amplitudes which are constructed from the available ex-
perimental data. The total and differential cross sections
of π−p → K0Λ reaction can be well described by using
these amplitudes, which are essential for obtaining spin-
flip and spin non-flip amplitudes [10]. But, from these
amplitudes, it is difficult to get clear properties of some
nucleon resonances, because the partial wave amplitudes
could have contributions from nucleon resonances with
different spins, and individual contributions are more
difficult to pin down. This deficiency is also shown in
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Ref. [11] where the reactions πN → πN, ηN,KΛ,KΣ
are studied simultaneously within an analytic, unitary,
coupled-channel approach. Moreover, it is pointed out
that there are ambiguities of the π−p → K0Λ scatter-
ing amplitudes obtained from the partial wave analysis,
when only the observables of the differential cross section
and polarization are measured [12].
The role played by the nucleon resonance N∗(1535),
which has proved to be a controversial resonance for
many years, in the KΛ production is crucial. The
N∗(1535) couples strongly to the ηN channel [13] but a
large N∗(1535)KΛ coupling has also been deduced [14–
17] through the analysis of BES data on J/ψ → p¯K+Λ
decay [18] and COSY data on the pp → pΛK+ reac-
tion near threshold [19]. In Refs. [20–23], the analyses
of recent SAPHIR [24, 25] and CLAS [26] γp → K+Λ
data also indicate a large coupling of the N∗(1535) res-
onance to the KΛ channel. Furthermore, in a chi-
ral unitary coupled channel model it is found that the
N∗(1535) resonance is dynamically generated, with its
mass, width and branching ratios in fair agreement with
experiment [14, 27–30]. This approach shows that the
couplings of theN∗(1535) resonance toKΛ channel could
be large compared to those for πN . We wish to argue
in this work that the N∗(1535) resonance might play a
much wide role in associated strangeness production of
π−p→ K0Λ reaction.
In the present work, we study the two-body reaction
π−p → K0Λ within an effective Lagrangian approach
and the isobar model, which is an important theoreti-
cal method for describing various processes in the res-
onances production region [31–40]. In addition to the
background contributions from t-channel K∗ exchange,
u-channel Σ(1192) and Σ∗(1385) exchange, and s-channel
nucleon pole terms, we also investigate the contribu-
tions from nucleon resonances N∗(1535), N∗(1650), and
N∗(1720), which have significant couplings to πN and
KΛ channels [13].
2This article is organized as follows. In Sect. II we
present the formalism and ingredients required for the
calculation. The numerical results and discussions are
given in Sect. III. A short summary is given in the last
section.
II. FORMALISM AND INGREDIENTS
In this section, we introduce the theoretical formalism
and ingredients for calculating the π−p → K0Λ reac-
tion by using the effective Lagrangian approach and the
isobar model. In the following equations, we use N∗1 ,
N∗2 , and N
∗
3 , which denote the N
∗(1535), N∗(1650), and
N∗(1720), respectively.
The basic tree level Feynman diagrams for the π−p→
K0Λ reaction are depicted in Fig. 1. These include
s-channel nucleon pole and nucleon resonances process
[Fig. 1 (a)], t-channel K∗ exchange [Fig. 1 (b)], and u-
channel Σ(1192) and Σ∗(1385)(≡ Σ∗) exchanges [Fig. 1
(c)].
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FIG. 1: Feynman diagrams for the reaction pi−p→ K0Λ. The
contributions from s-channel nucleon resonance t-channel K∗
exchange, and u-channel Σ(1192) and Σ∗(1385) exchange are
considered.
To evaluate the invariant scattering amplitudes corre-
sponding to theose diagrams shown in Fig. 1, the effective
Lagrangian densities for relevant interaction vertexes are
needed. Following Refs. [41–46], the Lagrangian densities
used in present work are,
LpiNN = −gpiNN
2mN
N¯γ5γµ~τ · ∂µ~πN, (1)
LpiNN∗1 = −gpiNN∗1 N¯∗1~τ · ~πN + h.c., (2)
LpiNN∗2 = −gpiNN∗2 N¯∗2~τ · ~πN + h.c., (3)
LpiNN∗3 =
gpiNN∗3
mpi
N¯∗µ3 ~τ · ∂µ~πN + h.c., (4)
LKΛN = − gKΛN
mN +mΛ
N¯γ5γµ∂
µKΛ + h.c., (5)
LKΛN∗1 = −gKΛN∗1 N¯∗1KΛ+ h.c., (6)
LKΛN∗2 = −gKΛN∗2 N¯∗2KΛ+ h.c., (7)
LKΛN∗3 =
gKΛN∗3
mK
N¯∗µ3 ∂µKΛ+ h.c., (8)
for s-channel nucleon pole and nucleon resonances,
N∗(1535), N∗(1650), N∗(1720) exchange terms, and
LK∗ΛN = −gK∗ΛN N¯γµK∗µΛ + h.c., (9)
LK∗Kpi = −gK∗KpiK∗µ(∂µK¯~τ ·~π −K¯~τ ·∂µ~π), (10)
for the t-channel K∗ exchange process, while
LKNΣ = − gKNΣ
mN +mΣ
N¯γ5γµ∂
µK~τ · ~Σ+ h.c., (11)
LpiΣΛ = − gpiΣΛ
mΛ +mΣ
Λ¯γ5γµ∂
µ~π · ~Σ + h.c., (12)
LKNΣ∗ = gKNΣ
∗
mK
Σ¯∗µ∂µKN + h.c., (13)
LpiΛΣ∗ = gpiΛΣ
∗
mpi
Σ¯∗µ~τ · ∂µ~πΛ + h.c., (14)
for the u-channel Σ(1192) and Σ∗(1385) exchange dia-
grams.
For the coupling constants in the above Lagrangian
densities for t-channel and u-channel processes, we take
gpiNN = 13.45 (obtained by g
2
piNN/4π = 14.4), gρNN =
3.25 (obtained by g2ρNN/4π = 0.84), gρpipi = 6.04 (ob-
tained by g2ρpipi/4π = 2.90), and g∆Npi = 2.18
1, which
are used in Ref. [11]. The others are obtained by SU(3)
flavor symmetry as shown in Table I.
TABLE I: The coupling constants for t-channel and u-channel
processes used in the present study, which are obtained by the
SU(3) flavor symmetry with α1 = 0.4 and α2 = 1.15.
Vertex g Value Vertex g Value
KNΛ − gpiNN√
3
(1 + 2α1) −13.98 K
∗Kpi −
gρpipi
2
−3.02
KNΣ gpiNN (1− 2α1) 2.69 Σ
∗piΛ g∆piN√
2
1.54
piΛΣ 2gpiNN√
3
(1− α1) 9.32 Σ
∗KN − g∆piN√
6
−0.89
K∗ΛN −
gρNN√
3
(1 + 2α2) −6.19
Besides, the coupling constants for the s-channel nu-
cleon resonance exchange processes, are obtained from
1 Which is obtained by the partial decay width of ∆ to piN .
3the partial decay widths,
Γ[N∗1 → πN ] =
3g2piNN∗1
4π
(EN +mN)
mN∗1
|~pN1 |, (15)
Γ[N∗2 → πN ] =
3g2piNN∗2
4π
(EN +mN)
mN∗2
|~pN2 |, (16)
Γ[N∗2 → KΛ] =
g2KΛN∗2
4π
(EΛ +mΛ)
mN∗2
|~pΛ2 |, (17)
Γ[N∗3 → πN ] =
3g2piNN∗3
12π
(EN +mN)
mN∗3m
2
pi
|~pN3 |3, (18)
Γ[N∗3 → KΛ] =
g2KΛN∗3
12π
(EΛ +mΛ)
mN∗3m2K
|~pΛ3 |3, (19)
with
|~pNi | =
λ
1
2 (m2N∗
i
,m2pi,m
2
N )
2mN∗
i
, (20)
|~pΛi | =
λ
1
2 (m2N∗
i
,m2K ,m
2
Λ)
2mN∗
i
, (21)
where λ is the Ka¨llen function with λ(x, y, z) = (x− y−
z)2 − 4yz.
With masses and partial decay widthes of the nucleon
resonances, the strong coupling constants of nucleon res-
onances N∗(1535), N∗(1650) and N∗(1720) are obtained
as listed in Table II. Moreover, the strong coupling con-
stants gKΛN∗(1535) is a free parameter, which will be
determined by fitting to the experimental data of the
π−p→ K0Λ reaction.
Due to the fact that the relevant hadrons are not point-
like particles, form factors are included. In our present
calculation, we adopt the following form factors,
Fi(q
2
i ) = [
Λ4i
Λ4i + (q
2
i −m2i )2
]n, i = s, t, u, R (22)
with


q2s = q
2
R = s, q
2
t = t, q
2
u = u,
Ms = mN , MR =MN∗ ,
Mt = mK∗ ,
Mu = mΣ or mΣ∗ ,
with n = 1 for s-channel N∗(1535) and N∗(1650), and
n = 2 for s-channel N∗(1720), nucleon pole, t-channel
K∗ exchange, u-channel Σ hyperon pole, and Σ∗(1385)
exchange. The s, t and u are the Lorentz-invariant Man-
delstam variables, while qs = qR = p1 + p2 = p3 + p4,
qt = p1 − p3, and qu = p4 − p1 are the four-momenta of
the intermediate particle in the s, t, and u-channel, and
p1, p2, p3 and p4 are the four momenta of π
−, p, K0 and
Λ, respectively. For the cutoff parameters, they will be
determined by fitting them to the experimental data.
For propagators G1/2(p) of the spin-1/2 particle and
Gµν3/2(p) of the spin-3/2 particle, we adopt the simple
Breit-Wigner formula,,
G1/2(p) = i
/p+M
p2 −M2 + iMΓfull , (23)
Gµν3/2(p) = i
(/p+M)Pµν(p)
p2 −M2 + iMΓfull , (24)
with
Pµν(p) = gµν − 1
3
γµγν − 1
3M
(γµpν − γνpµ)
− 2
3M2
pµpν , (25)
whereM and Γfull stand for the mass and full decay width
of the corresponding resonances. It is worth to note that
for s-channel nucleon pole and u-channel Σ(1192) and
Σ∗(1385) exchange, we take Γfull = 0.
While for the K∗ meson propagator GµνK∗(p), we take
GµνK∗(p) = i
−gµν + pµpν/m2K∗
p2 −m2K∗
. (26)
Then the total invariant scattering amplitude for
π−p → K0Λ reaction, according to these contributions
shown in Fig. 1, can be written as,
Mpi−p→K0Λ = MBG + eiθ1MN∗(1535) + eiθ2MN∗(1650)
+eiθ3MN∗(1720), (27)
with
MBG = MN +MK∗ +MΣ +MΣ∗ . (28)
Note that we have employed the phase factor for the
nucleon resonances eiθ1,2,3 , since we can not determine
the phase for the nucleon resonances within our model.
Thus, these phase angles θ will be determined to repro-
duce the experimental data.
With the above effective Lagrangian densities, we can
straightforwardly evaluate the following invariant scat-
tering amplitudes, corresponding to the Feynman dia-
grams in Fig. 1:
MN∗1,2 =
√
2gpiNN∗1,2gKΛN∗1,2FR(q
2
R)u¯Λ(p4, sΛ)
G1/2(qR)up(p2, sp), (29)
MN∗3 = −
√
2gpiNN∗3 gKΛN∗3 FR(q
2
R)
mKmpi
u¯Λ(p4, sΛ)p3µ
Gµν3/2(qR)p1νup(p2, sp), (30)
MN =
√
2gpiNNgKΛNFN (q
2
s )
2mN(mΛ +mN )
u¯Λ(p4, sΛ)/p3γ5
G1/2(qs)γ5/p1up(p2, sp), (31)
MK∗ = −igK∗ΛNgK∗KpiFt(q2t )u¯Λ(p4, sΛ)γµ
GµνK∗(qt)(p3ν + p1ν)up(p2, sp), (32)
MΣ = −gpiΛΣgKNΣFu(q2u)u¯Λ(p4, sΛ)γ5
G1/2(qu)γ5up(p2, sp), (33)
MΣ∗ = −gpiΛΣ
∗gKNΣ∗
mKmpi
Fu(q
2
u)u¯Λ(p4, sΛ)p1µ
Gµν3/2(qu)p3νup(p2, sp), (34)
4TABLE II: Relevant nucleon resonance coupling constants used in present work. The widths and branching ratios are taken
from the Particle Data Group [13].
Resonance (Jp) Mass (GeV) Width (GeV) Decay channel Branching ratio Adopted value g2/4pi
N(1535)( 1
2
−
) 1.535 0.15 Npi 0.35 ∼ 0.55 0.45 0.037
N(1650)( 1
2
−
) 1.655 0.15 Npi 0.50 ∼ 0.90 0.70 0.052
ΛK 0.03 ∼ 0.11 0.07 0.045
N(1720)( 3
2
+
) 1.720 0.25 Npi 0.08 ∼ 0.14 0.11 0.0022
ΛK 0.01 ∼ 0.15 0.08 0.52
where sp and sΛ are the polarization variables of proton
and Λ.
The unpolarized differential cross section in the center-
of-mass (c.m.) frame for the π−p→ K0Λ reaction reads,
dσ
dΩ
=
dσ
2πdcosθ
=
mΛmN
32π2s
|~p c.m.3 |
|~p c.m.1 |
∣∣Mpi−p→K0Λ
∣∣2 , (35)
with θ is the polar scattering angle of outgoingK0 meson,
and ~p c.m.1 and ~p
c.m.
3 are the π
− and K0 mesons c.m.
three momenta. The differential cross section dσ/dcosθ
depends on W =
√
s and also on cosθ.
As mentioned above, the model accounts for a total
of three mechanisms: s-channel nucleon pole and N∗
resonances terms, t-channel K∗ exchange, and the u-
channel Σ(1192) pole and Σ∗(1385) contributions. In
principle, the free parameters of the model are: i) rel-
ative phases between different contributions, ii) the cut
off parameters, ΛN = Λt = Λu ≡ ΛB, and ΛN∗(1535) =
ΛN∗(1650) = ΛN∗(1720) ≡ ΛR, and iii) the coupling con-
stant gN∗(1535)KΛ.
In the next section, we will fit the parameters of the
model to the low energy differential cross section data of
the π−p → K0Λ reaction by using the MINUIT fitting
program.
III. RESULTS AND DISCUSSION
First, by including the contributions from s-channel
nucleon pole, N∗(1535), N∗(1650) and N∗(1720), t-
channel K∗ exchange, and u-channel Σ(1192) and
Σ(1385) exchange terms, we perform a four-parameter
[gKΛN∗(1535), θ1, θ2, θ3] χ
2 fit (Fit I) to the experimental
data [5–7] on differential cross sections of π−p → K0Λ
reaction. The experimental data base contains differen-
tial cross sections at 20 energy points from 3 different
experiments, and there is a total of 385 data points be-
low W = 1.76 GeV. Second, for showing the important
role played by the N∗(1535) resonance, we have also per-
formed another best fit, where the s-channel N∗(1535)
resonance has been switched off (Fit II).
The fitted parameters of Fit I and Fit II are com-
piled in Table III. The resultant χ2/dof of Fit I is
2.3, while for the Fit II, it is 3.4, which is turn out to
be larger, since we have ignored the important contribu-
tions from the N∗(1535) resonance. From the the fitted
result, gKΛN∗(1535) = 1.31 ± 0.08, we obtain the ratio
R ≡ |gKΛN∗(1535)/gηNN∗(1535)| = 0.71 ± 0.10 with the
value of gηNN∗(1535) = 1.85± 0.24 that is obtained with
the partial decay width of N∗(1535) → Nη. This value
is smaller than the one 1.3 ± 0.3 obtained in Ref. [15]
by analyzing the J/ψ → p¯K+Λ and J/ψ → p¯ηp exper-
imental data. This is because in the work of Ref. [15],
the energy dependent width for the N∗(1535) resonance
is used, which will decrease the contribution from the
propagator of N∗(1535) resonance above the KΛ thresh-
old and make the coupling strength of the N∗(1535) res-
onance to the KΛ channel larger. 2 In contrast with the
energy dependent width as in Ref. [15], in the present
work we use a constant total decay width for N∗(1535)
resonance since the KΛ channel is opened. Nevertheless,
the values of this ratio obtained in the previous works
are widely scattered. For instance, R = 0.460 ± 0.172
has been determined from the latest and largest photo-
production database by using the isobar model. Simi-
lar results, R = 0.5 ∼ 0.7 were obtained in Ref. [17]
from the J/ψ decays within the chiral unitary approach
and R = 0.42 ∼ 0.73 was obtained in Ref. [47] by
the partial wave analysis of kaon photonproduction. In
Ref. [48] the result of the s-wave πN scattering anal-
ysis within a unitarized chiral effective Lagrangian in-
dicates that |ggKΛN∗(1535) |2 > |gηNN∗(1535)|2, whereas a
coupled-channels calculation predicted a value of R =
0.8 ∼ 2.6 [21].
TABLE III: Fitted parameters of Fit I and Fit II.
Parameters Fit I Fit II
ΛB [GeV] 0.86± 0.02 0.80± 0.01
ΛR [GeV] 0.85± 0.04 0.78± 0.03
gKΛN∗(1535) 1.31± 0.08 –
θ1 2.59± 0.08 –
θ2 1.40± 0.08 0.60± 0.06
θ3 0.26± 0.07 −0.94± 0.05
χ2/dof 2.3 3.4
The differential distributions dσ/dΩ calculated with
2 Similar statement can be also found in Ref. [45] for the case of
the Λ(1405).
5the Fit I best-fit parameters are shown in Fig. 2 as a
function of cosθ and for various π−p invariant mass in-
tervals. The contributions from different mechanisms are
shown separately. Thus, we split the full result into four
main contributions: effective Lagrangian approach back-
ground, s-channel N∗(1535), N∗(1650) and N∗(1720).
The first one corresponds to the t-channel K∗ exchange,
s-channel nucleon pole, and u-channel Σ(1192) hyperon
pole and Σ∗(1385) terms. We find an overall good de-
scription of the data for the whole range of measured
π−p invariant masses below 1.76 GeV, and the contri-
butions from the above three main mechanisms are all
significant to reproduce the current experimental data.
Our best result of the total cross sections of π−p →
K0Λ reaction as a function of the invariant mass of the
π−p system are shown in Fig. 3 compared with the ex-
perimental data [8]. There, we see that we can describe
the total cross section data quite well. As mentioned
above, the N∗(1535) resonance and N∗(1650) resonance
couple strongly to the KΛ channel. Indeed, the total
cross section of π−p → K0Λ show a strong S-wave con-
tributions close to the reaction threshold and also a little
bit beyond. From Fig. 3, it is seen that the contribution
from N∗(1650) (blue dashed curve) is predominant at a
very wide energy region, and the contribution from the
N∗(1535) (red solid curve) is significant from the reac-
tion threshold tillW < 1.66 GeV, while the contributions
from t-channel K∗ exchange and s-channel N∗(1720) are
dominant above W > 1.7 GeV. The s-channel nucleon
pole and u-channel contributions are too small to be
shown in Fig. 3 and can be neglected.
It is worthy to note that we do not consider the con-
tribution from the nucleon resonance N∗(1710), which
is mostly required by the πN inelastic scattering data.
The role of this resonance in the context of different
partial-wave analyses has been discussed extensively in
Refs. [11, 49]. In the analysis of the π−p→ nη reaction,
a N∗(1710) resonance is needed [49]. But, it is pointed
out in Ref. [11] that in the analysis of the π−p → K0Λ
reaction, there is an interplay between the N∗(1720) and
N∗(1710) and individual contributions are difficult to
pin down. Moreover, the N∗(1710) resonance appears
in the three-body hadronic calculations [50, 51] and also
could be a dynamically generated resonance [52, 53]. On
the other hand, a Bayesian analysis of the world data
on γp → K+Λ reaction [54] show that there is no sig-
nificant contribution of the N∗(1710) resonance to the
γp → K+Λ reaction. Because of those doubts of this
resonance, we ignore its contribution in our present cal-
culations.
IV. SUMMARY
In this paper, the π−p→ K0Λ reaction is investigated
within an effective Lagrangian approach and the isobar
model. This channel is known to receive significant non-
resonant contributions which complicates the extraction
of N∗ information. In addition to the background con-
tributions from the s-channel nucleon pole, t-channel K∗
exchange, u-channel Σ(1192) and Σ∗(1385) exchanges,
we also consider the contributions from s-channel nu-
cleon resonances N∗(1535), N∗(1650), and N∗(1720).
From χ2−fits to the available experimental data for the
π−p→ K0Λ reaction, we get the appropriate parameters
which describe the total and differential cross sections
well. Our results show that the inclusion of the nucleon
resonances N∗(1535), N∗(1650), and N∗(1720) can lead
to a good description of the low energy experimental to-
tal and differential cross sections data of π−p → K0Λ
reaction. The contribution from each individual reso-
nance to the total and differential cross sections below√
s = 1.76 GeV are also presented. The contributions
from those nucleon resonances and the t-channel K∗ ex-
change are dominant, while s-channel nucleon pole and
the u-channel Σ(1192) and Σ∗(1385) exchange give the
minor contributions and can be neglected.
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FIG. 2: (Color online) Fit I differential cross sections for the reaction of pi−p→ K0Λ in the center of mass frame as a function
of cosθ at different pi−p invariant mass intervals compared with the experimental data from Ref. [5] (squares), Ref. [6] (circles),
Ref. [7] (triangles). The cyan dashed-dotted, red solid, green dashed, and blue dotted curves stand for the contributions from
the the background (s-channel nucleon pole, t-channel K∗ exchange and u-channel Σ and Σ∗(1385) exchange terms), s-channel
N∗(1535), N∗(1650), and N∗(1720) terms, respectively. The bold black solid lines represent the results obtained from the full
model.
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